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Dear Troy and Carrie: 

We conducted an interview with the Examiner (by telephone) after which we prepared and filed an Amendment, a 
copy of which is enclosed herewith. 

While reviewing the application, we realized that the rejection was prematurely final because a new reference was 
cited and two of the independent claims had not been amended. We brought this out during the interview and in 
our Amendment we raised this point primarily to urge non-finality in the event that the application is not allowed. 

Hopefully, but not necessarily, this will encourage the Examiner to reach allowance, oit h er by tho pres e nt 

Amendment or after a f u rther tolophono - d i aouGcion. ■ 

We will keep you promptly advised of further developments. 

With best wishes. 

Sincerely, 
Marvin 
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Tel: (703)837-3902 
Fax: (703) 739-9577 
E-mail: mpetry@jstites.com 
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(57) ABSTRACT 

An instrument for insertion, implanting, and removing a 
cylindrical inter vertebral spacer m ember having a deep 
ci rcumferential groo ve, including: a shaft having a proximal 
cud and a distal end, said proximal end forming a handle and 
the distal end forming a spacer member engaging subas- 
sembly; said spacer member engaging subassembly includ- 
ing at least one selectively expanding and contracting enclo- 
sure into which a central core of the spacer member may be 
introduced when the engaging subassembly is in the 
expanded state, and whic^ holds the spacer member sn ihm 
it qannot ronve wh«n th* <^.te ftively expandin g and con- 
tracting enclosure is rendered into the contracted stale; and 
an actuating mechanism, extending from the proximal end to 
the distal end, by which the spacer member engaging 
subassembly may be selectively expanded and contracted. 

12 Claims, 13 Drawing Sheets 
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US 6,4 

1 

INSERTION TOOL FOR USE WITH 
TAPERED TRIAL INTERVERTEBRAL 
DISTRACTION SPACERS 

FIELD OF THE INVENTION 

This invention relates generally to a treatment for scolio- 
sis and more specifically to the instruments, implants, dis- 
tracting thai spacers, and surgical methodology used in the 
treatment and correction of scoliosis. 

BACKGROUND OF THE INVENTION 

The bones and connective tissue of an adult human spinal 
column consists of more than 20 discrete bones. These more 

Vraai^hwsp^ccrs/aiiaiafi^afmetnout/iogy usea in inc 
treatment and correction of scoliosis. 

BACKGROUND OF THE INVENTION 
The bones and connective tissue of an adult human spinal 



78,801 Bl 

2 

spinil disorder in which the space between vertebral bones 
needs to be surgically separated (the bones distracted), 
realigned and then fused to one another. 
A variety of systems have been disclosed in the art which 

5 achieve immobilization and/or fusion of adjacent bones by 
implanting artificial assemblies in or on the spinal column. 
The region of the back that needs to be immobilized, as well 
as the individual variations in anatomy, determine the appro- 
priate surgical protocol and implantation assembly. With 

20 respect to the failure of the intervertebral disc, and the 
insertion of implants and/or height restorative devices, sev- 
eral methods and devices have been disclosed in the prior 
art. 

Restoring the appropriate height and orientation of the 

IS . — ..1—1 Lor— --/V*" * : -* ,.-;—a—C v. t __ 

1 5 prrttfc-ai/gicar pnrinAoi^a^nsip'raTibruun " asstmixtfy. ' vVrra ' 
io respect to the failure of the intervertebral disc, and the 
insertion of implants and/or height restorative devices, sev- 
eral methods and devices have been disclosed in the prior 
art. 
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INSERTION TOOL FOR USE WITH spinal disorder in which the space between vertebral bones 

TAPERED TRIAL INTERVERTEBRAL needs to be surgically separated (the bones distracted), 

DISTRACTION SPACERS realigned and then fused to one another. 

A variety of systems have been disclosed in the art which 

fitjt n nv thp TMVcNrrrrw 5 acnieva immobilization and/or fusion of adjacent booes by 

titiLAj ur i nt iin vtsrt i iuin implanting ariiadal assemblies in or on the spinal column. 

This invention relates generally to a treatment for scolio- The region of the back that needs to be immobilized, as well 

sis and more specifically to the instruments, implants, dis- as the individual variations in anatomy, determine the appro- 

tracting trial spacers, and surgical methodology used in the priate surgical protocol and implantation assembly. With 

treatment and correction of scoliosis. 10 respect to the failure of the intervertebral disc, and the 

„ „„ . _ , insertion of implants and/or height restorative devices, sev- 

BACKGROUND OF THE INVENTION era! methods and devices have been disclosed in the prior 

The bones and connective tissue of an adult human spinal ajt - 

column consists of more than 20 discrete bones. These more Restoring the appropriate height and orientation of the 

than 20 bones are anatomically categorized as being mem- 15 vertebral bones and the intervertebral space is the first step 

bers of one of four classifications: cervical, thoracic, lumbar, in the surgical strategy for correcting this condition. Once 

or sacral. They are coupled sequentially to one another by this is achieved, one class of surgical implantation proce- 

tri-joint complexes that consist of an anterior intervertebral dures involves positioning a device into the intervening 

disc and the two posterior facet joints. The anterior inter- space. This may be done through a posterior approach, a 

vertebral discs of adjacent bones are cushioning cartilage 20 lateral approach, or an anterior approach. Various implant 

spacers. devices for this purpose include femoral ring allograft, 

The spinal column of bones is highly complex in thai it cylindrical metallic devices (i.e., cages), and metal mesh 

includes these 20 bones coupled to one another (and others), Structures that may be filled with suitable bone graft mate- 

and it houses and protects critical elements of the nervous r ^ s * Some of these implant devices are only suitable for one 

system having innumerable peripheral nerves and circnla- 25 direction of approach to the spine. All of these devices, 

tory bodies in close proximity. In spite of these however, are provided with the intention that the adjacent 

complications, the spine is a highly flexible structure, bones wiU, once restored to theu- appropriate argument and 

capable of a high degree of curvature and twist in nearly separation, then grow together across the space and fuse 

every direction. 3Q together (or at least fuse into the device implanted between 

Genetic, congenital and/or developmental irregularities ^ b0Des )- 

arc the principle causes that can result in spinal pathologies Most recently, the development of non-fusion implant 

in which the natural curvature of the spine lost. Scoliosis is devices, which purport to permit continued natural move- 

a very common one of these types of irregularities, resulting roent in the tri-joint complex have provided great promise, 

in a sequential misalignment of the bones and intervertebral ^ Tiie instrumentation and methods for the implantation of 

discs of the spine. Major causes of scoliosis are idiopathic non-fusion devices, as well as the implantation of the 

(i.e., unknown cause), congenital developmental anomalies fusion devices catalogued previously, therefore should inte- 

and neuromuscular disorders such as cerebral palsy. The 8 rate Ae functions of restoring proper anatomical spacing 

misaJignmenl usually maniiesLs itself in an asymmetry of the aod ca&v insertion of the selected device into the formed 

vertebral bodies, such that, over a sequence of spinal bones, AQ volume. 

the spine twists and/or bends to one side. In severe cases, It is, therefore, an object of the present invention to 

neurological impairment and/or physiological disability may provide a new and novel treatment for scoliosis, as well as 

result. for the treatment of spinal pathologies in general. 

The present surgical technique Car treating scoliosis (as It is, correspondingly, another object of the present inven- 

well as other spinal conditions) includes the implantation of 45 tion to provide an intervertebral distraction trial tool which 

a plurality of hooks and/or screws into the spinal bones, more accurately and easily separates collapsed intervertebral 

connecting rods to these elements, physically bracing the spaces. 

bones into the desired positions, and permitting the bones to It is further an object of the present invention to provide 

fuse across the entire assembly. This immobilization often an intervertebral distraction trial tool which more can be 
requires anterior plates, rods and screws and posterior rods, 50 used to correct scoliosis and/ or restore normal alignment to 

hooks and/or screws. Alternatively, spacer elements are the spine. 

positioned between the sequential bones, which spacers are it is further an object of the present invention to provide 

often designed to permit fusion of the bone into the matrix an instrument that proficiently and simply manages the 

of the spacer from either end, hastening the necessary insertion, rotation, and removal of the intervertebral distrac- 
rigidity of the developing bone structure. Spacers allow ss tion trial tools. 

bone fusion to grow into or around them. There are two hi& m ^ C{A of ^ t j^^on to provide 

classes of intervertebral spacers: horizontal cages such as the an implant ^ device that permits more anatomically 

1 Tt c d ^ ay M CB8 ^i a c S ^ Clib Kt a u d l Set k*?"' 3 ^ appropriate and rapidly osteogenic fusion across the inter- 
plary U.S. Pat. No. 5,015,247 to Michelson and U.S. Pat. vertebral space 

™h^hf^ ^ 60 Other objects of the present invention not explicitly slated 

n wn\rK ^ m CXCm " ^ be ^ forth aDd ^ te ™* ™taLd in 

piary u.5>. hat. wo. 4,&so^>. m . , conjunction with the descriptions of the preferred embodi- 

Siimlar techniques have been employed in other spinal m€nts disclosed hereafter, 
infirmities, including collapsed disc spaces (failure of the 

intervertebral disc), traumatic fractures, and other degenera- 65 SUMMARY OF THE INVENTION 

tive disorders. While the present invention has many The present in ven tion is directed to a method of treatment 

applications, such applications include the treatment of any of scoliosis and other spinal disorders. This method of 
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treatment further includes several new and novel descried below. Further, in some embodiments, such as the 
instruments, implantable trial distraction elements, and first and third embodiments described below, the walls of the 
intervertebral spacer implants. Inasmuch as the description annular groove are parallel, such thai the floor of the groove 
of the new and novel method cannot be complete without a is as wide as the opening of the groove. In other 
description of each of these integral members, the following 5 embodiments, such as the second and fourth embodiments 
includes ample explanation of these elements as well as described below, the walls of the annular groove are tapered 
description of the surgical techniques. toward one another with the increasing depth of the groove, 

First, the patient spine is exposed through an anterior such that the floor of the groove is narrower than the opening 
approach (i.e., the surgeon creates an access hole which of the groove. Each type of annular groove is useful, 
permits direct interaction with the anterior and/or anterior- ]0 depending on the particular surgical application and on the 
lateral portion of the intervertebral bodies). In the case of particular embodiment of the spacer insertion instrument 
scoliosis, as well as in other disorders in which the inter- that is used to insert the spacer. 

vertebral space requires distraction and/or repositioning, the Collections of trial spacer elements are provided by the 

surgeon removes the intervertebral disc material, usually invention. Preferably, each spacer in a particular set main- 
leaving some portion of the annulus (the cylindrical weave J5 tains the same diameter as the other spacers in the set (It 
of fibrous tissue which normally surrounds and constrains shall be understood that different collections of spacers may 
the softer cartilage cushion of the disc material). The sur- be provided such that the diameter of the selected collection 
geon then, in succession, inserts a series of intervertebral of trial spacers is appropriate for the specific patient being 
trial spacers of defined width. Each of the series of spacers treated.) Also preferably, each spacer in a particular set has 
is of a progressively wider thickness, resulting in the con- 20 apredeterim^ddepmrnatd^ersfromthe depth of the other 
tinual widening of the space until restoration of the proper spacers in the set. The predetermined depth is provided in 
disc height has been achieved. Proper disc height restoration mat while each spacer in the set shares the same annular 
is determined by surgical experience, and by observation of groove dimensions (so that each can be held by the same 
the annulus. (Often, the tightening of the annulus indicates insertion instrument), each spacer has a different flange 
that the proper disc height has been reached, inasmuch as the ^ thickness (in sets where the spacers are constant thickness 
annulus is much less likely to be distorted by the same spacers). For sets of tapered thickness spacers, the prede- 
disruption that caused the intervertebral disc to collapse in termincd maximum depth and predetermined minimum 
the first place.) depth ( thc ^0 depths providing the overall taper) arc 

More particularly, with respect to the specific instruments provided in that while each spacer in the set shares the same 
disclosed herein, a series of solid trial spacer elements and 30 annular groove dimensions (so that each can be held by the 
an instrument for their insertion and removal is now pro- same insertion instrument), each spacer has a different 
vided. Each trial spacer is a generally cylindrical disc having maximum flange thickness and a different minimum flange 
a deep annular groove at iu> midpoint, which forms a central thickness. Preferably in sets of tapered thickness spacers, the 
trunk and radial flanges at each end of the trunk, Staled overall taper angle Is the same for each spacer in the set. The 
alternatively, two cylindrical upper and lower halves of the 35 usefulness of providing sets of spacers similar in most 
disc are held in a closely coaxial spaced apart association by respects except for the depth dimension will be described in 
the central trunk, which forms a coaxial bridge between the greater detail below. 

upper and lower halves. The annular groove is particularly With regard to the instrument for the insertion and 
useful for holding the spacer using the spacer insertion removal of the trial spacer elements, a first embodiment 
instrument of the invention, described below, in that the ^ (particularly useful for inserting constant thickness trial 
holding end of the insertion instrument fits within the spacers) of a spacer insertion tool includes an elongated 
S 100 ^- shaft and a handle at one end of the shaft. The distal end of 

A variety of features of embodiments of the trial spacer the shaft includes semi-circular hook that is adapted to hold 
elements are disclosed. In some embodiments, such as the a trial spacer within an enclosure formed by the hook. The 
first and second embodiments described below, support 45 angle swept out by the hook is slightly greater than 180 
portions (the portions that are in contact with the adjacent degrees, but the inner diameter of the hook is only slightly 
vertebral bodies when the spacer is disposed between the larger than the central trunk of the trial spacer. Therefore, the 
bodies) of the top and bottom surfaces are parallel. Spacers trial spacer may be snapped into the enclosure, but maintains 
having this feature are generally described herein as "con- complete rotational freedom within its grasp. A loading tool 
stant thickness" trial spacers. In other embodiments, such as 50 may be provided to assist in the loading and unloading of the 
the third and fourth embodiments described below, the trial spacer from the trial spacer insertion instrument of this 
support portions are not parallel, providing an overall taper embodiment This loading tool comprises a forked hook 
to the spacer at an angle. Spacers having this feature are having two curved tines separated by a notch that engages 
generally described herein as "tapered thickness" trial spac- the shaft of the insertion tool as the tines engage the flanges 
era. The tapered thickness trial spacers are particularly 55 of the trial spacer, to force the trial spacer into the enclosure, 
useful for treating scoliosis, as described below. Alternatively and/or additionally, the same device may be 

Other features of embodiments of the trial spacer ele- utilized to remove the spacer from the enclosure, by revers- 
ments include beveled flanges and non-parallel annular mg the position of the forked book relative to the insertion 
groove walls. More specifically, in some embodiments, such tool and the spacer. 

as the second and fourth embodiments described below, the 60 The insertion tool of this embodiment can be used to 
flanges are radially beveled in that an outer edge of the top insert a series of constant thickness trial spacers (some of 
surface of the disc is tapered toward an outer edge of the which may have beveled flange edges for easing the inser- 
bottom surface of the disc In other embodiments, such as tion between the collapsed bones and into the space to be 
the first and third embodiments described below, the flanges distracted). More specifically, thinner trial spacers can mi- 
are not radially beveled in this manner. The radial beveling 65 tially be inserted into the spacer, followed successively by 
feature can be particularly useful for easing the insertion of thicker trial spacers until the desired spacing is achieved, 
the spacer in between collapsed vertebral bodies, as Once the appropriate spacing has been achieved, immobi- 



PACE 2/26* RCVD AT 10/18/2006 3:18:11 PM [Eastern Daylight Time] • SVR:USPTO-EFXRF-6/45 • DNIS:2738300 • CSID:7037399771 • DURATION <mm-ss):Q6-54 



OCT- 18-2006 15:18 Stites & Harbison, PLLC 7037399771 P. 28 



US 6,478,801 Bl 
5 6 

lizalion of the spine by fixation, fusion, or non-fusion spacer cannot be permitted to rotate freely if it must be 

techniques and devices, such as those set forth in co-pending turned in the intervertebral space). The tapered trial spacers 

U.S. patent application Ser. Nos, 09/906,117, and 09/906, themselves can include angle markers that clearly indicate to 

118. entitled "An Intervertebral Spacer Device Having a the surgeon the amount of rotation that was necessary for the 

Wave Washer Force Restoring Element and "An , Interver- 5 correction of the spinal deformity. Such angle markers can 

tcbral Spacer Device Having a Spiral Wave Washer Force also ^ „ a ide for ^ imp i atltalion of a second ary 

mSS^ , .^Tr^.r 11 BS n S - P f N °k bo * c ■ fem ° ral ri °g) <* intervertebral 

5,989,291, entitled "An Intervertebral Spacer Device", each spacer device 

of which has been assigned to the same assignee as this — . , . 

present invention, the specifications of which arc all fully 1rt °** . swgee* has determined the appropnate geom- 
incorporated herein by reference, may be desirable. ? tr * fo 5 * c SUT &°* 1 im P laots v " t™l spacers, he or she 

While simple distraction to a constant height across the " ™£ * ft ^ i0 fJ D ^ ^l?. 011 ; ^ 

intervertebral space is appropriate for standard disc com- ? U ^ h * immobilizes the i spine are disclosed m 
pression pathologies, in L case of scoliosis, simple con- J« prior art, any one of which and others may besuitable for 
stant thickness dSraction is insufficient to remediate the J5 *° P at * nts treatm6Tlt ' ^ alterDative 

pathological condition. What is necessary is the distraction Wa ^ ar \ hercin described. 

of the sequence of spaces, each lo an appropriate angle and Fltsl > ™ taal sp*<*™ nay be left in the patient while rod 
height, such that the overall spinal configuration is anatomi- fixation apparatuses (anterior or posterior) are mounted to 
cally correct. Tapered trial spacers, such as those disclosed me *P ine » hereby holding the spine in its desired orientation 
in the present application, axe the first such distraction tools 20 eveD after ^ ^ s P acers arc subsequently removed, 
to provide such a tailored correction of the misangulation of Alternatively, surface plating and/or intervertebral cage 
the spinal bones. devices may be mounted to the spine to promote fusion 

More particularly, the surgeon inserts the tapered trial withoul L thc need for bulk y rod assemblies. (While this 
spacers into the intervertebral space (presumably from die a PP™* may seem more surgically desirable, questions 
anterior, or anterolateral, approach) with the narrow edge 25 tbe ^8 term stability of these constructs have led 

of the trial spacer forming a wedge and sliding between the 50106 sut & 0ns to combinations of rodding and cages.) 
adj acent bones. By utilizing either a second or third embodi- . A llurd a PP roac0 to immobilizing the corrected spine is to 
ment of the spacer insertion tool, described more fully msert a shaped bone graft, or suitably contoured porous 
below, the surgeon may turn the spacer around its axis within metal spacer, into the properly distracted intervertebral 
the intervertebral space to find the most appropriate rota- 30 s P acc ' and cilber plating or using rod fixation to hold the 
tional position (corresponding to the most desirable straight- construct stable as the spine fuses. The insertion of a femoral 
ening effect on the spinal column). Stated alternatively, each ^8 ^&^> OT porous metal implant, into an intervertebral 
of the tapered trial spacers has an overall wedge shape that space * dft scrtoed more fully in co-pending U.S. patent 
generally corresponds to the pathological tapering of the application Ser. Nos, 09/844,904, and 09/906,123, respec- 
adjacenl bones that characterizes scoliosis. By rotating the 35 tlVcIv entitled "A Porous Interbody Fusion Device Having 
wedge-shaped spacer after it has been placed between the Integrated Polyaxial Locking Interference Screws", and 
adjacent bones, the overall disc alignment may be "Porous Intervertebral Distraction Spacers", assigned lo the 
compensated, restoring appropriate anatomical status. It same assignee as the present invention, the specifications of 
should be understood that additional rotation of the spacer each Mn & mll y incorporated herein by reference, 
may restore lordosis to the spine, and that over-rotation (if 40 T° c tepcrcd trial spacers may also serve as precursors 
the particular spine is flexible enough) of the spacer would (measuring instruments) for another spacer (e.g., a porous 
result in a pathological curvature in the opposite direction. metal spacer), similarly shaped, which is inserted into the 

This second embodiment of the spacer insertion tool intervertebral space by the same mstrumenl. 
includes a handle and an elongated dual shaft, the dual shaft Therefore, the present invention, in its many embodi- 
culminating in a trial spacer grasping pincer, rather than the 45 meats and components, is directed to a surgical treatment for 
simple hook of the first embodiment. This pincer differs restoring a proper anatomical spacing and alignment to 
from the hook of the first embodiment of the trial spacer vertebral bones of a scoliosis patient. In one desired 
insertion tool described above, inasmuch as the dual shaft embodiment, the present invention comprises a surgical 
includes a fixed shaft and a selectively engagable shaft method, which in a first embodiment, comprises: 1. deter* 
which, together, form pincer. More specifically, the fixed 50 mining an angular misalignment associated with at least one 
shaft includes a semicircular hook portion of the pincer at its pair of adjacent vertebral bones; 2. sequentially inserting 
distal end, having an enclosure within which a trial spacer and removing a series of progressively wider cylindrical 
can be placed. The selectively engagable shaft includes the spacer elements into the corresponding intervertebral space 
complementary portion of the pincer, which moves toward between said at least one pair of adjacent vertebral bones 
the hook portion to grasp and hold the trial spacer when the 55 until the proper anatomical spacing between the pair of 
engagable shaft is engaged, and moves away from the hook adjacent vertebral bones is restored; 3. for each interverte- 
portion to release the trial spacer when the engagable shaft oral space, inserting a diametrically tapered cylindrical 
is disengaged. (The spacer can be unloaded and loaded when spacer element into the intervertebral space between said 
the engagable shaft is disengaged.) The engagement action corresponding pair of adjacent vertebral bones; and 4. rotat- 
prevents the spacer from moving relative to the tool, and 60 iog said diametrically tapered cylindrical spacer element 
therefore permits the surgeon to rotate the tapered spacer in such that the rotational orientation of the tapered cylindrical 
between the vertebral bodies (by contrast, the first embodi- spacer element introduces the appropriate counter offset to 
ment of the trial spacer insertion instrument permitted the the intervertebral space of the previously misaligned scoli- 
spacer to rotate freely in the enclosure of the hook). There otic vertebral bones, thereby restoring the proper anatomical 
are alternative insertion and rotating instruments that may be 65 alignment of the vertebral bones. 

designed, so long as they selectively and alternattngly It shall be understood that each of said progressively 
release or hold the trial spacer securely against rotation (the wider cylindrical spacer elements includes substantially 
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parallel upper and lower surfaces. The method may also 
include the additional step of affixing immobilizing instru- 
mentation lo the vertebral bones of the patient to bold the 
restored vertebral bones rigidly in position to facilitate 
fusion, and positioning bone fusion material adjacent to the 
restored vertebral bones. It shall be understood that other 
equivalent (or alternatively efficacious) means for facilitat- 
ing healing, such as including positioning a non-fusion 
intervertebral spacer device between the restored vertebral 
bones so that a proper anatomical motion may be possible. 

The surgical treatment set forth above should be further 
refined inasmuch with respect to the diametrically tapered 
cylindrical spacer elements, such that each has a width along 
its central cylindrical axis substantially equivalent to the 



8 



sequentially inserting and removing a series of progressively 
wider cylindrical spacer elements into the intervertebral 
space between adjacent vertebral bones until the distance 
between the vertebral bones is anatomically appropriate. 
5 More particularly, with respect to the various spacers of 
the present invention, in its most basic form, the spacers 
comprise a plurality of sequentially axial I y wider disc spacer 
elements, the sequential insertion and removal of which, into 
an intervertebral space effects a widening of the interverte- 
10 bral space, such that a desired anatomical spacing of adja- 
cent vertebra] bones may be restored. 'These spacers may 
include beveled upper and lower circumferential radial 



edges which facilitate the application of the desired spread- 
ing force to the adjacent vertebral bones. For the ease of 
axial width of the final cylindrical spacer element utilized in 15 surgical use, these spacers may each include an engagement 
the step of sequentially inserting and removing the series of locus which couples with a corresponding insertion and 
progressively wider cylindrical spacer elements to restore removal tool to facilitate the same. This locus comprises an 
the proper anatomical spacing between the pair of adjacent axially medial groove into which said insertion and removal 
vertebral bones. tool can be seated. In two alternative embodiments, the 

It shall be understood that each progressively wider 20 medial groove may comprises a constant width, such that 



cylindrical spacer element and/or diametrically tapered 
cylindrical spacer element may comprise solid or porous 
metal, or a porous or non-porous organic implantable mate- 
rial. 

For clarity, this embodiment of the surgical method 
includes exposing an intervertebral space between adjacent 
vertebral bones, distracting the space by sequentially insert- 
ing therein and subsequently removing therefrom a plurality 
of intervertebral spacers, each having a predetermined 
thickness, the thicknesses incrementally increasing from one 
spacer to another at an increment acceptable for safely 
distracting the space to a desired distance, and when adjust- 
ment of an angular misalignment of the adjacent vertebral 
bones is necessary, inserting, and when necessary rotating, 
in the intervertebral space, at least one diametrically tapered 
intervertebral spacer having a thickness along its central 
cylindrical axis sufficient to maintain the desired distance 
between the adjacent vertebral bones, and a diametrical 
angle sufficient to reorient the adjacent bones to the desired 
configuration, when rotational adjustment of the angular 
misalignment is necessary, rotating said tapered interverte- 
bral spacer within the space until the desired alignment is 
established. 

In an alternative embodiment, in which porous spacers are 
utilized, the surgical method of the present invention may 
comprise: determining an angular misalignment associated 
with at least one pair of adjacent vertebral bones; sequen- 
tially inserting and removing a series of progressively wider 

cylindrical spacer elements into the corresponding interver- 50 bone ingrowth and solid fusion may occur across the inter- 
tebral space between said at least one pair of adjacent vertebral space. 

vertebral bones until the proper anatomical spacing between As introduced above, insertion tools are additional com- 
the pair of adjacent vertebral bones is restored; for each ponen ts of the present invention. In a first embodiment, the 
intervertebral space, inserting a diametrically tapered cylin- instrument for inserting and removing an intervertebral 
dncal porous spacer element into the intervertebral space 55 spaC er into and out from an intervertebral space between 
between said corresponding pair of adjacent vertebral bones; adjacent vertebral bones, the spacer having a trunk portion 
rotating said diametrically tapered cylindrical porous spacer h aving a longitudinal axis and flange portions at each 
element such that the rotational orientation of the tapered longitudinal end of the trunk, the instrument comprises: a 
cylindrical porous spacer element introduces the appropriate shaft having a proximal end and a distal end; said proximal 
counter onset to the intervertebral space of the previously w cnd mc mding a handle; and a holding structure provided at 



30 



35 



40 



45 



each disc spacer element may rotate freely within the 
corresponding insertion and removal tooL Alternatively, the 
groove may be a radially widening groove, such that each 
disc spacer element may be prevented from rotating freely 
with respect to the corresponding insertion and removal tool 
by a clamping action thereof, thereby permitting the con- 
trolled rotation of the corresponding disc spacer element 
within the intervertebral space by manipulation of the inser- 
tion and removal tool. 

Tapered spacers, for use in reorienting as well as distract- 
ing the alignment of the adjacent vertebral bones may be 
used. These tapered spacers comprise diametrically tapered 
upper and lower surfaces. Ideally, for surgeon measurement 
purposes, each of the disc spacer elements includes at least 
two relative angle designation marks on at least one of said 
upper and lower surfaces such that a surgeon user may 
readily visually determine the rotational angle of said disc 
spacer clement relative to a known reference. 

It shall be understood that the intervertebral spacers each 
have a unique axial thickness, the thicknesses increasing 
sequentially from one spacer to another, the increasing 
thicknesses increasing incrementally, said plurality of spac- 
ers being particularly useful for gradually distracting adja- 
cent vertebral bones in an anatomically appropriate manner. 

A critical feature of the present invention is the potential 
for using porous spacers to distract and potentially reorient 
the spine, and that the spacers may be implanted perma- 
nently into the space between the vertebral bones such that 



misaligned scoliotic vertebral bones, thereby restoring the 
proper anatomical alignment of the vertebral bones; and 
stabilizing the pair of adjacent vertebral bones to permit 
infused growth of bone into the diametrically tapered cylin- 
drical porous spacer element. 

As shall be readily understood, in its most basic form, the 
method of the present invention principally consists of 



the distal end, which holding structure includes an enclosure 
within which the trunk of the spacer may be selectively 
introduced and maintained therein, the holding structure 
having an opening leading to the enclosure and through 
65 which opening the trunk of the spacer may be selectively 
passed to when forced therethough. More specificaDy, the 
trunk of the spacer has a first width, the opening has a second 
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width which is incrementally smaller than the first width, selectively moveable member and at another end to the 

and the enclosure has a third width which accommodates the plate, the protrusion engaging the slot, the lever being 

first width, such that selective introduction of the trunk attached to the trigger, so that when the trigger is engaged, 

through the opening and into the enclosure requires a force the lever pulls the plate protrusion by the slot, the plate pulls 

to elastically widen the opening such that the trunk may pass s the rod, and the rod moves the selectively moveable member 

through the opening and into the enclosure, the restoration toward the fixed member. 

of the opening providing an occlusion which maintains the i n a third embodiment, the tool comprises a shaft having 

trunk within the enclosure. As suggested above, the trunk is a proximal end forming a handle, and a distal end forming 

generally cylindrical and, therefore, the holding structure a claw subassembly for holding said spacer, said claw 

includes a hook having a curvatc extent which forms a lQ subassembly including a first pincer which is fixed at the 

partial-circular enclosure, and which curvatc extent ats distal end of the shaft and a second pincer which is selec- 

between the flanges when the trunk is maintained within the tively rotate able into and out of spacer holding association 

enclosure. with said first pincer to hold and release, respectively, the 

In such an embodiment, the intervertebral spacer is selec- spacer; and an actuation mechanism for selectively rotating 

tively snapped into and out of the enclosure through the 15 thc seoond* pincer. The second pincer is rotateably mounted 

opening, and such that the intervertebral spacer may be to me ^ and ? s s P rin g biased awa y 600111 lhe tol P" 1 "*- 

rotationally freely held within thc enclosure . In order to snap In &is embodiment the actuation mechanism comprises a 

the spacer into and out of the enclosure, a second element is slid i°g member mounted to the shaft which is selectively 

often utilized. This second helper tool comprises a handle raoveablB ™ dfctal direction by a force sufficient to 

portion at one end, and a bifurcated pair of spaced apart ~ OVei f 0me , k fllc of me spring the distally directed move- 

curvate hook«haped tines at the other. The times have a Sn«Mn«Lf^ aZ*? ST* 7 . caum « *™* 

radius of cwvatuTgreater than that of each of the spacers, u ™ d 

_ ... , . a r A . , _ *^ ^ quent retraction or the sliding member in a proximal direc- 

such that when the firs and second elements engage one 2 oa ^ ±e sUdi me * ber t0 dise ^ me J£* 

another (at a fulcrum point at the pomt of bifiircaUon of the pincer and me pen nits the pincers to separate under the bias 
spaced apart curvate hookHshaped tines and a point between 25 D f the spring. In order lo facilitate this action, the second 
the handle and enclosure ends of the first element), the pincer includes a tapered surface which is engaged by a 
introduction and removal of thc distraction member from the corresponding surface of the sliding member, said engage- 
enclosure is facilitated. men t causes the second pincer to rotate relative to the first 

In a second embodiment, which is more suited for the pincer. 
insertion, rotation and removal of the tapered spacers, the 30 More specifically, the intervertebral spacer comprises a 
too! comprises a shaft having a proximal end and a distal cylindrical member having an annular groove defining a 
end, said proximal end forming a handle and the distal end central axial core portion and a pair of flange portions at 
forming a spacer member engaging subassembly; said opposing ends thereof; and the claw subassembly engages 
spacer member engaging subassembly including at least one the spacer at the central axial core, 
selectively expanding and contracting enclosure into which 35 Stated alternatively, this third embodiment comprises a 
the central core may be introduced when thc engaging pair of pincers, a first of this pair being fixed, and a second 
subassembly is m the expanded state, and which holds the being coupled to the first in open-biased opposition thereto, 
spacer member so that it cannot move when the selectively and a sliding clement which may be selectively translated 
expanding and contracting enclosure is rendered into the in to Md out of engagement with said second pincer to close 
contracted state; and an actuating mechanism, extending 40 and open the pair of pincers, respectively. The pair of pincers 
from the proximal end to the distal end, by which the spacer define an intervertebral spacer grasping enclosure having an 
member engaging subassembly may be selectively access opening through which the intervertebral spacer can 
expanded and contracted. More specifically, the spacer be passed for placement into the enclosure when the sliding 
member eogaging subassembly comprises a fixed curvate element is out of engagement with the second pincer, and thc 
hook defining a portion of the enclosure, a second, selec- 45 spacer is securely maintained between the first and second 
tively advanceable and retractable, portion adjacent the fixed pincers when the sliding element has been t ed into engage- 
hook portion and said first and second portions forming said ment with the second pincer. Ideally, the first and second 
selectively expanding and contracting enclosure. Stated pincers are mounted at the distal end of a common shaft, and 
alternatively, the selectively expanding and contracting the sliding element is translaieable along said shall; and 
enclosure is formed by at least two members winch are 50 wherein the second pincer has a portion thereof which is 
maintained in selectively slideable association with each engaged by the sb'ding element to close the pair of pincers, 
other, at least one of said at least two members including a m addition, the second pincer is mounted to the common 
upcrcd edge thereof. shaft by a pivot joint, and the portion of the second pincer 

The instrument of this embodiment includes an actuating which is engaged by the sliding element is a tapered surface, 
mechanism including a trigger element disposed in the S5 the angle of which tapered surface, when engaged by the 
handle portion, which trigger is actionably coupled to sliding element, causes the second pincer to rotate aboulthe 
advancing and retracting cams which arc coupled to the pivot joint, closing the first and second pincers, 
second portion to advance and retract the second portion in 

accordance with selective numijXon Sto In BRIEF DESCRIPTION OF THE DRAWINGS 

more detail, the spacer member eogaging subassembly com- 60 ^S^M?"* illustrate.* first embodiment of an interver- 
priscs a fixed member and a selectively moveable member tebra^S^snaoer of the invention is illustrated in side, top 
which, together, form said selectively expanding and con- a^d sW cutaway views, respectively, 
trading enclosure, and wherein said actuating mechanism BG. Id illustrates a first set of interverte bral space rs of 
comprises a trigger which is mechanicaUy coupled to said the invention in a side view* 

selectively moveable member, the mechanical coupling 65 FIGS. 2a-c illustrate a second embodiment of an inter- 
including a rod, a plate having a protrusion, and a lever vertebral spacer of the invention in side, top and side 
having a slot, thc rod being connected at one end to the cutaway views, respectively. 



PACE 5/26 " RCVD AT 10/18/2006 3:18:1 1 PM [Eastern Daytight Time] - SVR:USPTO-EFXRF-6/45 " DNIS:2738300 • CSID:7037399771 ■ DURATION <mm-ss):06-54 



OCT-18-200G 15:19 Stites 8r Harbison, PLLC 7037399771 P. 31 



US 6,478,801 Bl 
U 12 

FIG. 2d illustrates a second set of intervertebral spacers of is determined by surgical experience, and by observation of 

the invention in a side view. the annulus. (O&en, the tightening of the annulus indicates 

FIGS. 3a-c illustrate a third embodiment of an interver- ldat lnc proper disc height has been reached, inasmuch as the 

tcbral spacer of the invention in side, top and side cutaway anmilus is much less likely to be distorted by the same 

views, respectively. - — ■ s disruption that caused the intervertebral disc to collapse in 

FTG. 3d illustrates a third set of tapered intervertebral \, * % -,u ^ . n. c • , 

spacers of the invention in a side view S?S ^ ^ H«rfc iMlnimwite 

disclosed herein, a scries of solid trial spacer elements and 

FIGS. 4a-c illustrate a fourth embodiment of an interver- an instrument for their insertion and removal is now pro- 

tebral spacer of the invention in side, top and side cutaway JQ vided. Each trial spacer is a generally cylindrical disc having 

views, respectively. a d CC p annular groove at its midpoint, which forms a central 

FIG. Ad illustrates a fourth set of tapered intervertebral trunk and radial flanges at each end of the trunk. Stated 

spacers of the invention in a side view. alternatively, two cylbdrical upper and lower halves of the 

FTG. Sa illustrates a first embodiment of a spacer insertion disc are ne *d M a closely coaxial spaced apart association by 

tool 500 of the invention in a side view. is the central trunk, which forms a coaxial bridge between the 

FIG. Sb is a cutaway view of the insertion tool of FIG. Sa upp ™ a " d lowcr halves - ^ annukr groove is particularly 

holding the spacer of FIGS. la-c. for Elding the spacer using the spacer insertion 

rip ^ . . . , . - . instrument of the invention, described below, in that the 

MO. ba-b illustrates an embodiment of a loading acces- i , j- , ~ . ' . , . , 

c , _ , vta wQuiijgaww holding end or the insertion instrument fits within the 

sory for a spacer insertion tool of the invention in side and groove 

top views, respectively, 20 a ' > > * * 

* . - „ . A vanety of features of embodiments of the Inal spacer 

n™tl S S * B f^°7 ° f ^ m elemcn,s are I" some embodiments, such Ts the 

operation to load I the spacer of FIG. la^c mto the spacer fost and second embodiments described below, support 

insertion tool of MG. 5*. portions (the portions that are in contact with the adjacent 

FIG. 6d shows the loading accessory of FIGS. 6a-b in 2 s vertebral bodies when the spacer is disposed between the 

operation to unload the spacer the spacer insertion tool of bodies) of the top and bottom surfaces are parallel. Spacers 

FlG - Sa - having this feature are generally described herein as "con- 

FIG. la illustrates another embodiment of a spacer inser- stant thickness" trial spacers. In other embodiments, such as 

tion tool of the invention in a side view. the third and fourth embodiments described below, the 

FIG. lb is a cutaway view of the insertion tool of FIG. la 30 s**PV 0Ti portions are not parallel, providing an overall taper 

holding the spacer of FIGS. 4o-c. to ^ spacer at an angle. Spacers having this feature are 

FIGS. Sa-b illustrates yet another embodiment of a spacer f™?£ f"^^ 35 J*** 6 thickness" trial spac- 

insertion tool of the invention in open and closed side views, 0as ^ tn * spacers are particularly 

respectively. ~ uscfil1 for treating scoliosis, as described below. 

o • c L - , ~~ 35 Other features of embodiments of the trial spacer ele- 

FIG. Sc is a cutaway view of the insertion tool of FIGS. . « < , . . . ^ . „ *, . 

*a-h hniHina ih^ *™Z r PTrc a JZT " meDts includc beveled flanges and non-parallel annular 

*a-b holding the spacer of FIGS. 4a-c. groove walls. More sperificaUy, in some embodiments, such 

DETAILED DESCRIPTION OF THE 38 ^ c second and fourth embodiments described below, the 

INVENTION flanges are radially beveled in that an outer edge of the top 

40 surface of the disc is tapered toward an outer edge of the 
- Whfle the present invention will be described more mlly bottom surface of the disc. In other embodiments, such as 
hereinafter with reference to the accompanying drawings, in ihe first and third embodiment described below, the flanges 

which particular embodiments and methods of implantation are not radially beveled in this manner. The radial beveling 
are shown, it is to be understood at the outset that persons feature can be particularly useful for easing the insertion of 

skilled in the art may modify the invention herein described 45 the spacer in between collapsed vertebral bodies, as 

while achieving the functions and results of this invention. described below. Further, in some embodiments, such as the 

Accordingly, the descriptions which follow are to be under- first and third embodiments described below, the walls of the 

stood as illustrative and exemplary of specific structures, annular groove are parallel, such that the floor of the groove 

aspects and features within the broad scope of the present is as wide as the opening of the groove. In other 

invention and not as limiting of such broad scope. Like so embodiments, such as the second and fourth embodiments 

numbers refer to similar features of like elements through- described below, the walls of the annular groove are tapered 

01lL toward one another with the increasing depth of the groove, 

First, the patient spine is exposed through an anterior such that the floor of the groove is narrower than the opening 

approach (i.e. the surgeon creates an access hole which of the groove. Each type of annular groove is useful, 

permits direct interaction with the anterior and/or anterio- 55 depending on the particular surgical application and on the 

lateral portion of the intervertebral bodies). In the case of particular embodiment of the spacer insertion instrument 

scoliosis, as well as in other disorders in which the inter- that is used to insert the spacer. 

vertebral space requires distraction and/or repositioning, the Collections of trial spacer elements are provided by the 
surgeon removes the intervertebral disc material, usually invention. Preferably, each spacer in a particular set main- 
leaving some portion of the annulus (the cylindrical weave 60 tains the same diameter as the other spacers in the set. (It 
of fibrous tissue which normally surrounds and constrains shall be understood that different collections of spacers may 
the softer cartilage cushion of the disc material). The sur- be provided such that the diameter of the selected coileclion 
geon then, in succession, inserts a series of intervertebral of trial spacers is appropriate for the specific patient being 
trial spacers of defined width. Each of the series of spacers treated. For example, the diameters of the trial spacers in a 
is of a progressively wider thickness, resulting in the con- 65 collection that is suitable for use with pediatric patients 
tinual widening of the space until restoration of the proper would be smaller than the diameters of the trial spacers in a 
disc height has been achieved. Proper disc height restoration collection that is suitable tor use with adult patients.) Also 
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preferably, each spacer in a particular set has a predeter- With regard to the instrument for the insertion and 

mined depth that differs from the depth of the other spacers removal of the trial spacer elements, a first embodiment 

in the set. The predetermined depth is provided in that white (particularly useful for inserting constant thickness trial 

each spacer in the set shares the same annular groove spacers) of a spacer insertion tool iochides an elongated 

dimensions (so that each can be held by the same insertion 5 shaft and a handle at one end of the shaft. The distal end of 

instrument), each spacer has a different flange thickness (in the shaft includes semi-circular hook that is adapted to hold 

sets where the spacers are constant thickness spacers). For a trial spacer within an enclosure formed by the hook. The 

sets of tapered thickness spacers, the predetermined maxi- angle swept out by the hook is slightly greater than 180 

mum depth and predetermined minimum depth (the two degrees, but the inner diameter of the hook is only slightly 

depths providing the overall taper) are provided in that while larger than the central trunk of the trial spacer. Therefore, the 

each spacer in the set shares the same annular groove trial spacer may be snapped into the enclosure, but maintains 

dimensions (so that each can be held by the same insertion complete rotational freedom within its grasp. A loading tool 

~L ea fl HiE^i & « reDl "l^Jir fl £? °>*y be provided to assist in the loading and unloading of the 

JSf ^JTr^CrJ^ f 2 nCkDW t, f^" ^ from lhe W*ctr insertion instrument this 

of providing sets of spacers similar in most respects except ? T^ft y ^ engages the shaft 

for the depth dimension will be described in greater detail of the insertion tool as the tines engage the flanges of the trial 

be] ow . spacer, to force the trial spacer into the enclosure. Alterna- 

Rcfcrring now to FIGS. la-c, a first embodiment of an dvcIy and/o [ ■* Bli «J|jt the same device may be utilized 
intervertebral trial spacer 100 of the invention is illustrated 20 to rc movc "* ^P* 061 " from toc enclosure, by reversing the 

in side, top and side cutaway views, respectively. The spacer position of the forked hook relative to the insertion tool and 

100 is a cylindrical disc with an annular groove 102 that thB s P acer - 

forms a central trunk 103 and radial flanges 104,106 at each Referring now to FIG. Sa> a first embodiment of a spacer 

end of the trunk 102. In this embodiment, support portions insertion tool 500 of the invention is illustrated in a side 
108,110 of the top and bottom surfaces 112414 of the disc 25 ^ 6W - The insertion tool 500 includes an elongated shaft 50(2 

are parallel. Further in this embodiment, the walls 120,122 and a handle 503 at one end of the shaft 502. At the other end 

of the annul ar groove 102 are parallel, such that the floor 124 of the shaft 502, the insertion tool 5 includes a semi-circular 

of the groove 102 is as wide as the opening 126 of the groove hook 504 that is adapted to hold an intervertebral spacer of 

102. Further in this embodiment, the spacer 100 has a central the invention within an enclosure 506 of the hook 504. The 
bore 128. 3fl central trunk of the spacer can be snapped into the enclosure 

Referring now to FIG. 2d, a set of intervertebral spacers 506 of the hook 504 so that the extent of the hook 504 fits 

200a-/ of the invention are illustrated in a side view. Each loosely within the annular groove of the spacer and is 

spacer 1 00a-/ is formed generally similarly to the interver- flanked by the flanges of the spacer. The central trunk of the 

tebral spacer 100 of FIGS, la-c, except that each spacer spacer can also be snapped out of the enclosure 506. 
100W has a predetermined depth (denoted by the preferred 35 In this regard, the hook 504 has an opening 508 that 

dimension identified adjacent each spacer) provided in that temporarily expands when the central trunk of the spacer is 

while each spacer la-i shares the same annular groove forced through the opening 508. That is, the outer diameter 

dimensions as the other spacers, each spacer 200o-l has a of the central trunk is greater than the width of the opening 

different flange thickness dimension. For example, the 508, so that the central trunk cannol pass through the 
flanges 104U06/ are thicker than the flanges 104o,l06a 40 opening 508 without force. The application of a force 

Referring now lo FIGS. 2o-c, a second embodiment of an sufficient to cause the opening 508 to expand when con- 

intervertebral spacer 200 of lhe invention is illustrated in fronted with the central trunk causes the central trunk to pass 

side, top and side cutaway views, respectively. Similarly to through the opening 508. After the central trunk has cleared 

the spacer 100, the spacer 200 is a cylindrical disc with an the opening 508, the opening 508 will contract. The tem- 
annular groove 202 that forms a central trunk 203 and radial 45 porary expansion in this embodiment is provided by the 

flanges 204,206 at each end of the trunk 202. However, in hook 504 being formed of a material having a low elasticity 

this embodiment, the flanges 204,206 are radially tapered in and the hook 504 being provided with a stress notch 510 on 

that support portions 208,210 of the top and bottom surfaces the extent (preferably located opposite the opening 508 for 

212,214 of the disc are parallel, while an outer edge 216 of maximum efficiency) to ease the expansion, 
the top surface 212 is tapered toward an outer edge 218 of 50 Once the spacer is loaded into the enclosure, the opening 

the bottom surface 214. Further in this embodiment, in 508, having contracted back to its resting width, prevents the 

contrast to the spacer 100, the walls 220,222 of the annular central trunk from exiting the enclosure radially through the 

groove 202 are tapered toward one another with the increas- opening, because, as stated above, the outer diameter of the 

ing depth of the groove 202, such that the floor 224 of the central trunk is greater than the width of the opening 508. 

groove 202 is more narrow than the opening 226 of the 5s Further, by flanking the extent of the hook 504, the flanges 

groove. Further in this embodiment, the spacer 200 has a of the spacer prevent the spacer from exiting the enclosure 

central bore 228. laterally. The hook 504 therefore holds the spacer loosely in 

Referring now to FIG. 2d, a set of intervertebral spacers the enclosure so that the spacer can rotate about the cylin- 

2o-/ of the invention are illustrated in a side view. Each drical axis of the central trunk while being held by the hook 

spacer 200a-/ is formed generally similarly to the interver- 60 504. 

tebral spacer 200 of FIGS. 2*-c, except that each spacer Referring now to FIG. 5b, a cutaway view of the insertion 

200a-/ has a predetermined depth (denoted by the preferred tool 500 of FIG. 5a holding the spacer 100 of FIGS, lo-c 

dimension identified adjacent each spacer) provided in that shows the extent of the hook 504 in cross-section and fitting 

while each spacer 2a-/ shares the same annular groove within the annular groove of the spacer. It can be seen that 

dimensions as the other spacers, each spacer 200o-/ has a 65 to enable the spacer 100 to be loosely held in the enclosure, 

different flange thickness dimension. For example, the the width of the extent is smaller than the width of the 

flanges 204/^06/ are thicker than the flanges 204a,206a. annular groove, and the depth of the extent is less than the 



PAGE 7/26 * RCVO AT 10/18/2006 3:18:11 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-6/45 * DN1S:2738300 * C8ID:7037390771 * DURATION (mm-ss):06-54 



OCT" 18-2006 15:20 



Stites & Harbison, PLLC 



7037399771 P 



US 6,478,801 Bl 
15 16 

depth of the annular groove if it is desirable for the flanges U.S. patent application Ser. Nos. 09/906,118, entitled "An 

to fully flank the extent. Preferably, as shown, the outer Intervertebral Spacer Device Having a Wave Washer Force 

diameter of the hook 504 is substantially equal to the outer Restoring Element", and "An Intervertebral Spacer Device 

diameter of the spacer 100. Having a Spiral Wave Washer Force Restoring Element", 

Referring now to FIG. 6a-b 9 an embodiment of a loading s respectively, as well as U.S. Pat. No. 5,989,291, entitled "An 

accessory 600 for a spacer insertion tool of the invention is Intervertebral Spacer Device", each of which has been 

illustrated in side and top views, respectively. The loading assi €? cd * ±e ** m * assignee as Uiis present invention, the 

accessory 600 can be used to ease thepassing of the central ^^ c ^s of which are all fully incorporated herein by 

trunk of the spacer through the opening of the spacer ^^^^^X be desirable. 

insertion tool, both tor loading the spacer into the enclosure 10 . simple distraction to a constant height across the 
and unloading the spacer from the enclosure. The loading ^rvertebral space is appropriate for standard disc com- 
accessory 600 includes an elongated shaft 602 and a forked P ress ">« pathologies, in the case of scoliosis, simple con- 
hook 604 at an end of the shaft 602. A notch 606 having a SU ? ^kness distraction is insufficient to remediate the 
base 608 separates the tines 610,612 of the forked hook 604. Pathological condition. What is necessary is the distraction 
~. m . ... « _ . t no . . . „ . 15 of the sequence of spaces, each to an appropriate angje and 
Thewidtbof the notch 608 sepa^ « hci ^ ^ ^ ^ ^ ^Jfr^tJ*^ 

iSf-iSff t ZSSTS^ °K * ^y correct. Tapered trial spacers, such as those disclosed 

^rrion h^^^L k °5 thC m lhe P resCDt aPP««tion, are the first such attraction tools 

MM^JZ'^ ^ f?K° U f 50 ^ \£* ^ toprovidesuchaufloredcorrectionofthemisangulationof 

610 612 can engage the edges of the flanges of the spacer th^spinnl bones. 

Preferably, as shown, the curvature of the tines 608,610 *° %Jt . . t . , 

follows the curvature of the edges of the flanges. Morc Pf rt ^ lari * f*f 0D *P«* tml 

„ . . , , . .. ^ M spacers into the lulervertebral space (presumably from the 

.J^T"? 10 ™' fcf *?* faading aocesscry 600 of anterior, or amerto-lateral, approach) with the narrow edge 
FTCS6o^ is shown in operation to toad the spacer 100 of of me trfalspacer forming a wedge and sliding between the 
f 1 ?: ,r~? 1010 spacer 1DsertlOD 1001 50 <> of P 10 - 25 adjacent bones. By utilizing either a second or third embodi- 
il I 7 !. 100 K P 0 ^ 0 * 4 * adjacent the opening ment of the spacer insertion tool, described more fully 

508 of the insertion tool 500. Then, the tines 610,612 of the hereinafter with respect to FIGS, lar-c and 8a-c 
loaning accessory 600 are passed on either side of the shaft respectively, the surgeon may turn the spacer around its axis 
502 of the insertion tool 500 such that the notch 606 within the intervertebral space to find the most appropriate 
accommodates the shaft 502 and until the base 608 of the x rotational position (corresponding to the most desirable 
notch i606contacte the shaft 502. Then, the loading acces- straightening effect on the spinal column). Stated 
sory 600 is rotated, using the contact between the shaft 502 alternatively, each of the tapered trial spacers has an overall 
and the base 608 as a folcnim, to cause the lines 610,612 to wcdge shape ^ g^Oy corresponds to the pathological 
engage the flanges 104,106 of the spacer 100 and push them lapering of the adjacent bones that characterizes scoliosis, 
into the enclosure 506 of the tool 500. Applying a force to 35 B y rotating the wedge-shaped spacer after it has been placed 
toe rotation, sufccient to cause the opening 508 of the tool between the adjacent bones, the overall disc alignment may 
500 to expand when confronted with the central trunk of the be compensated, restoring appropriate anatomical status. It 
spacer, causes the central trunk to pass through the opening should be understood ^ additional rotation of the spacer 
508 ' may restore lordosis to the spine, and that over-rotation (if 

Referring now to FIG. 6d, the loading accessory 600 of 40 the particular spine is flexible enough) of the spacer would 
FIGS. 6a-b is shown in operation to unload the spacer 100 result in a pathological curvature in the opposite direction, 
of FIG. la-c from the spacer insertion tool 500 of FIG- 5a. Referring now to FIGS. $a-c, a third embodiment of an 
Initially, with the spacer 100 held by the tool 500, the tines intervertebral spacer 300 of the invention is illustrated in 
610,612 of the loading accessory 600 are passed on either side, top and side cutaway views, respectively. Similarly to 
side of the shaft 502 of the insertion tool 500 such that the 45 the spacer 100, the spacer 300 is a cylindrical disc with an 
notch 606 accommodates the shaft 502 and until the base annular groove 302 that forms a central trunk 303 and radial 
608 of the notch 606 contacts the shaft 502. Then, the flanges 304306 at each end of the trunk 303. However, in 
loading accessory 600 is rotated, using the contact between this embodiment, support portions 308,310 of the top and 
the shaft 502 and the base 608 as a fulcrum, to cause the tines bottom surfaces 312,314 of the disc are not parallel, pro- 
610,612 to engage the flanges 104,106 of the spacer 100 and 50 viding an overall taper to the spacer 300 at an angle. Still, 
push them out of the enclosure 506 of the tool 500. Applying similarly to the spacer 100, the walls 320,322 of the annular 
a force to the rotation, sufficient to cause the opening 508 of groove 302 are parallel, such that the floor 324 of the groove 
the tool 500 to expand when confronted with the central 302 is as wide as the opening 326 of the groove 302. Further 
trunk of the spacer, causes the central trunk to pass through in this embodiment, the spacer 300 has a central bore 328. 
the opening 508 The width of the notch 606 accommodates 55 Referring now to FIG. 3d, a set of tapered intervertebral 
the width of the hook 504 as the spacer 100 is being pushed spacers 3a-j of the invention are illustrated in a side view, 
out of the enclosure 506. Each spacer 300a-./ is formed generally similarly to the 

The insertion tool of this first embodiment can be used to intervertebral spacer 300 of FIGS. 3a-c, except that each 
insert a series of constant thickness trial spacers (some of spacer 300a-; has a predetermined maximum depth 
which may have beveled flange edges for easing the inser- » (denoted by the preferred maximum depth dimension inden- 
tion between the collapsed bones and into the space to be tified adjacent each spacer) and a predetermined minimum 
distracted). More specifically, thinner trial spacers can ini- depth (denoted by the preferred minimum depth dimension 
tially be inserted into the spacer, followed successively by identified adjacent each spacer), each provided in that while 
thicker trial spacers until the desired spacing is achieved. each spacer 30Qn-; shares the same annular groove width 
Once the appropriate spacing has been achieved, immobi- 65 dimension as the other spacers, each spacer 300o-j has a 
lization of the spine by fixation, fusion, or non-fusion different maximum flange thickness dimension and a diflfer- 
techniques and devices, such as those set forth in co-pending ent minimum flange thickness dimension. For example, the 
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flanges 304/306; have a thicker maximum flange thickness angle of the overall taper can he predetermined, such that the 

dimension and a thicker minimum flange thickness dimen- maximum flange thickness and the minimum flange thick- 

sion than the flanges 304a304o. ness can be selected to achieve a desired overall taper angle. 

Referring now to FIGS. 4a-c, a fourth embodiment of an 14 should be understood that while in the illustrated 
intervertebral spacer 400 of the invention is illustrated in 5 embodiments the spacers are shown as having a cylindrical 

side, top and side cutaway views, respectively. Similarly to shape, it should be understood that in other embodiment, the 

the spacer 200, the spacer 400 is a cylindrical disc with an spacers can have oval, square, or rectangular cross-sections, 

annular groove 402 that forms a central trunk 403 and radial Cr cross * scctioDS of other shapes, provided that any comers 

flanges 404,406 at each end of the trunk 403. However, in * re ^^ed as necessary to prevent damage to surrounding 

this embodiment, support portions 408,410 of the top and 10 llss j uc> ..... 

bottom surfaces 412,414 of the disc are not parallel. Still, M previously, the insertion, rotation and 

similarly to the spacer 200, the flanges 404,406 are radially ^niovalof the tapered tnal intervertebral spacers requires an 

tapered in that an outer edge 416 of the top surface 412 is 2*°** spacer msertion tool This second embodiment of 

kL^^j.,,™^^ iie ^iluT T toe spacer insertion tool includes a handle and an elongated 

tapered toward an outer edge 418 of tte bottom surfa^ce 414. the dual ^ elating ^ a trial 

^5°^™"?- ™ m - 1 « 1 yJS 1110 y'"-^^ 00 ^ 15 grasping pincer, rather than the simple hook of the^nrst 

walls 420 422 of the annular groove 402 are tapered toward embodiment This pincer differs from the hook of the first 

one another with the increasing depth of the groove 402, embodiment of the trial spacer insertion tool described 

such that the floor 424 of the groove 402 is more narrow than above, inasmuch as the dual shaft includes a fixed shaft and 

the opening 426 of the groove. Further in this embodiment, a selectively engagable shaft which, together, form pincer. 

the spacer 400 has a central bore 428. 20 More specifically, the fixed shaft includes a semicircular 

Referring now to FIG. 4cL, a set of tapered intervertebral nook portion of the pincer at its distal end, having an 

spacers Aa-} of the invention are illustrated in a side view. enclosure within which a trial spacer can be placed. The 

Each spacer 4a-j is formed generally similarly to the inter- selectively engagable shaft includes the complementary 

vertebral spacer 400 of FIGS. 4a~c, except that each spacer P ortion of P incer ' whicD n* 0 ^ 8 tow& rd the hook portion 

4a-j has a predetermined maximum depth (denoted by the 25 10 gras P and hM lhe ^ s P aceT when ^ engagable shaft 

preferred maximum depth dimension identified adjacent ^ engaged, and moves away from the hook portion to 

each spacer) and a predetermined minimum depth (denoted relea f *f ^ cn * e «W b c 1*? is u disc °' 

by the preferred minimum depth dimension identified ao> f^t^u*^ T ** "^t^ IOaded whm •** 
_ Mm ^ m \ M - _ ■ j j • . " ~; J engagable shaft is disengaged.) The engagement action 

^illt^Z^ ^ d 1 VP* Ca - h T 30 P^ents the spacer from moving relative to the tool, and 

t^L J^Z T anDular / roo 1 T 5 ^th tension as the 30 lherefore ^ me n the tapered spacer in 

S^TESESJ H« ^ aCCr V d f"^ ^ betwccn bodies (by contrast, the first emhodi- 

& ^ d ™T 00 3 ^ a ^ im Z.% racnt Of the trial spacer insertion instrument permitted the 

dnckness dime as™. For exampk, the flanges 404;,406; to roUte ^ ta |hc Caclosurc of 

have a thicker maximum flange thickness dimension and a n ^ . „ „ ^ „ 

thicker minimum flange thickness dimension than the 35 R0fe f m « ™ w to J1 G ' 7 ?' f noth ^ r embodiment of a 

flamres 404a 406a spacer insertion tool 700 of the invention is illustrated in a 

. r , t side view. The insertion tool 700 includes an elongated shaft 

It should understood that the various features of the 7a2 and a handle 704 at one end of the shaft 702. The 

different embodiments of the intervertebral spacer of the insertion tool 700 further includes a compression assembly 

invention discussed above can be used in various combina- mat ^ adapted lo hoId M intervertebral spacer of the 

lions and permutations to form the illustrated embodiments invention at the other end of the shaft 702 so that the spacer 

and other embodiments of the intervertebral spacer of the caQnot move when held. The insertion tool 700 Further 

invention. In some embodiments the walls of the annular includes a release assembly that is adapted to release the 

groove are parallel In other embodiments, they are not spacer fora bcillg heId 

embodiments where they are not parallel, 45 ^ mmpjwio n assembly includes a semicircular hook 

denrhTf SFZttTZttT* "£5? U3 r aSmg 706 at te oAer cnd of ^aft 702 and a compression 

depth of the groove. In other embodiments where they are SUfface 7Q8 adj acent lhe ^ 706 . r^e nook 706 has an 

^5"*"* ^ ° ne a °^ er ™* enclosure 709 defined by the extent of the hook 706 and an 

decreasing depth of the groove In some embodiments the m 710 through which the central trunk can pass freely 

ralTS^ 50 ^ ^placed into tbTenclcsure 709. Tnat is, the width otZ 

y 2 h- E ^ ?h 7 r opening 710 is greater than the diameter of the central trunk. 

«»t ^S^t^X , ^ m When antral trunk is placed within the enclosure 709, 

nnhe^?nm^l P T * ^ T^? ^fl wc cxtenl o£ ^ ^ok 706 fits loosely within the annula 

of the bottom surface In other embodiments, the flanges are ^ of ^ T 

not radially tapered. In some embodiments, the spacer has a re . - . . . . 

centralbore.Inomerembcdiments,mespacerdoesno^ 55 . T ^.^P«^ ^emb y fiirther includes a compres- 

a central bore S10D tn SBe r 712 mechanically connected to the hook 706 

n , , " , . . ^ M . , ^, , such that as the compression trigger 712 is placed in an 

It should be understood that while in the illustrated engaged position, the hook 706 is pulled toward the com- 

embedments where spacers in a set have an overall taper, pression surface 708. The mechanical connection includes a 

the angle of the overall taper of each spacer in the set is the M rod 714 conne cted at one end to the hook 706 and at the 

same as the angle of the overall taper of the other spacers in otn er end to a plate 716. Arod 718 protruding from the plate 

the set, the wvention encompasses a set of spacers in which 716 * engaged by a slot 720 in a lever 722 attached to the 

the angle of the overall taper of each spacer in the set is compression trigger 712. When the compression trigger 712 

different than the angle of the overall taper of at least one fe engaged, the rod 714 of the lever 722 pulls the plate 716 

other spacer in the set. ,55 by the slot 720. The plate 716 in turn pulls the rod 714, 

It should be understood that while in the illustrated which in turn pulls the hook 704 toward the compression 

embodiments where the spacer has an overall taper, the surface 70S. 
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When the hook 706 is pulled toward the compression The compression assembly further includes a compres- 
surface 708 when the central trunk of the spacer is in the sion slide 812 that when moved to an engaged position 
enclosure 709, the central trunk is compressed within the (here, a forward position shown in FIG. 86) closes the claw 
enclosure 709 between the hook 706 and the compression 806. The closure of the claw 806 by the compression slide 
surface 708 so that the spacer cannot move. 5 812 is effected as follows. One of the pincers 807c is in a 

The release assembly includes a spring 724 biasing the fixed position relative to the elongated shaft 802 whereas the 
compression trigger 712 to a disengaged position. Therefore, other pincer 8076 is adapted to rotate about an axis trans- 
after the compression trigger 712 is released, it moves to the verse to the shaft 802. Io this embodiment, the rotation is 
disengaged position. However, so that the central trunk provided by a pin 813 passing through each pincer at a 
remains compressed within the enclosure even after the JQ rotation point along the transverse axis. One position of the 
compression trigger 712 is released (e.g., so that the surgeon movable pincer 807* along the rotation path (shown in FIG. 
does not need to continue holding the compression trigger 8a) defines the opened claw 806 in that the pincers 807a, 
712 to effect the compression), the compression assembly 8076 are separated. Another position of the movable pincer 
further includes teeth 726 on the rod 714 and corresponding 8076 along the rotation path (shown in FIG. 86) defines the 
teeth 730 that confront the rod teeth 726 to prevent the rod J5 closed claw 806 in that the pincers 807a, 8076 are brought 
714 from retreating, to maintain the compression. together. When the pincers 807a, 8076 are separated, an 

The release assembly further includes a release trigger engagement surface 814 of the movable pincer 8076 is 
732 that can be engaged to release the rod teeth 726 from the placed in an available compression path of an engagement 
corresponding teeth 730 to allow the rod 714 to return to its surface 816 of the compression slide 812. The engagement 
rest position, thereby alleviating the compression. More 20 surface 814 is tapered so that when the compression slide 
specifically, the release trigger 732 has the corresponding 812 is moved to the engaged, the engagement surface 816 of 
teeth 730 and the release assembly further includes a spring the compression slide 812 moves along the available com- 
734 that biases the release trigger 732 toward a position in pression path and engages the tapered surface 814 to push 
which the corresponding teeth 730 engage the rod teeth 726. the surface 814 aside and thereby cause a rotation of the 
This arrangement allows the release trigger 732 to be 25 movable pincer 8076 to the position defining the closed claw 
engaged by pressing the release trigger 732 with a force 806. 

great enough to overcome the bias of the spring 734, so that When the pincers 807a, 8076 are thereby brought together 
the corresponding teeth 730 are disengaged from the rod to dose the claw 806 when the ceotral trunk of the spacer is 
teeth 726. Therefore, when the release trigger 732 is pressed, in the enclosure 809, the compression surfaces 808a, 8086 
the compression is alleviated, and the central trunk of the 30 come to bear on the central trunk to compress it within the 
spacer can be freely passed through the opening 710 to be enclosure 809 so that the spacer cannot move, 
taken out of the enclosure 709. The release assembly includes a spring 818 biasing the 

Referring now to FIG. 7b, a cutaway view of the insertion movable pincer 8076 to the rotation path position defining 
: tool 700 of FIG. 7a holding Ihe spacer 400 or FIGS. 4a-c the open claw 806. Therefore, when the compression slide 
shows the extent of the hook 706 in cross-section and fitting 3S 812 is moved to a disengaged position (here, a backward 
; within the annular groove of the spacer as the spacer is position), the engagement surface 816 of the compression 
compressed between the compression surface 708 and the slide 812 moves along an available release path (here, a 
hook 706. It can be seen that the width of the extent of the backtracking along the compression path) and frees the 
hook 706 is smaller than the width of the annular groove, engagement surface 814 of the movable pincer 8076 to 
and the depth of the extent is less than the depth of the 40 allow the engagement surface 814 to return to a place in the 
annular groove if it is desirable for the flanges to fully flank available compression path by the biasing action of the 
the extent. Preferably, as shown, the outer diameter of the spring 818. When the claw 806 is open, the compression is 
hook 706 is substantially equal to the outer diameter of the alleviated and the central trunk of the spacer can be freely 
spacer 400. passed through the opening 810 to be taken out of the 

R eferring now to FIGS. 8a- 6, yet another embodiment of 45 enclosure 809. 
a spacer insertion tool BOD oTthe invention is illustrated in The release assembly further includes at least one barrier 
open and closed side views, respectively. The insertion tool 820a, 8206 that limits the biasing action of the spring 818 by 
800 includes an elongated shaft 802 and a handle 804 at one preventing the movable pincer 8076 from rotating beyond 
end of the shaft 802. The insertion tool 800 further includes the position that places the engagement surface 814 in the 
a compression assembly that is adapted to hold an intcrver- 50 available compression path. In this embodiment, confronta- 
tebral spacer of the invention at the other end of the shaft 802 tion surfaces 822a, 8226 on the movable pincer 8076 
so that the spacer cannot move when held. The insertion tool confront the barriers 820a, 8206 as the pincer 8076 rotates 
800 further includes a release assembly that is adapted to toward the rotation path position defining the open claw 806 
release the spacer from being held. under the biasing force of the spring 818. When the engage- 

Ihe compression assembly includes a claw 806 at the 55 men! surface 814 is returned to the place in the available 
other end of the shaft 802 having opposing pincers 807a, compression path, the barriers 820c, 8206 prevent the con- 
8076, each providing one of opposing compression surfaces fronlation surfaces 822a, 8226 from advancing further. The 
808a, 8086. The claw 806 has an enclosure 809 defined by spring 818 and the barriers 820a, 8206 maintain the movable 
the extents of the pincers 807a, 8076 and an opening 810 pincer 8076 in this position until the compression slide 812 
through which the central trunk can pass freely to be placed 50 is advanced toward the engaged position by a force great 
into the enclosure 809 when the claw 806 is open (i.e., when enough to overcome the biasing force of the spring 818. 
the opposing pincers 807a, 8076 are separated). That is, the Referring now to FIG. 8c, a cutaway view of the insertion 
width of the opening 810 is greater than the diameter nf the tool 800 of FIGS. Sa-b holding the spacer 400 of FIGS. 
central jru nk when the claw 806 is open. When the central 4a-c shows the extents of the pincers 807a, 8076 in cross- 
trunk is placed within the enclosure 809, the extents of the 65 section and fitting within the annular groove of the spacer as 
pincers 807a, 8076 fit loosely within the annular groove of the spacer is compressed between the compression surfaces 
the spacer. 808a, 8086. It can be seen that the width of each extent is 
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smaller than the width of the annular groove, and the depth an actuating mechanism, extending from the proximal end 
of each extent is less than the depth of the annular groove if to the distal end, by which the spacer member engagine 

te^^X^AZtt -sr* may te expanded x - 

substantially equal to the outer diameter of the spacer 400. 5 

There are alternative insertion and rotating instruments wherein the spacer member engaging subassembly com- 

that may be designed, so long as they selectively and prises: 

allernatingly release or hold the trial spacer securely against a compression surface in fixed relation to the shaft; and 

rotation (the spacer can't rotate freely if it is to be turned in a movable member that is selectively advanceable 

the intervertebral space). The tapered trial spacers them- away thc compression surface and retractable 

selves can include angle markers that clearly indicate to the 10 llMfc iwaciaoie 

surgeon the amount of rotation that was necessary for the . t0Ward com V^^ surface; 

correction of the spinal deformity. Such angle markers can "* G movable member and the compression surface 

also serve as a guide for the implantation of a secondary thereby together forming the selectively expanding 

bone graft (e.g., a femoral ring) or another intervertebral and contracting enclosure. 

spa ff* device. 15 2. The instrument of claim 1, wherein the aauating 

Once the surgeon has determined the appropriate geom- mechanism comprises a trigger element disposed in the 

eiryformesu^ handlc ^ which ^ • actionably coupled to 

the prior art, any one of which may be suitable for the m0 * able m ! 1 mber ^ advance and retract the movable mem- 
specific surgical patient's treatment, three alternative ways 20 bcr m acco,ldance ^ selective manipulation of the trigger, 

are herein described. instrument of claim 1, wherein at least one of the 

First, thc trial spacers may be left in the patient while rod compression surface and the movable member include & 

fixation apparatuses (anterior or posterior) are mounted to U P cr ^? ^S* 5 - 

the spine, thereby holding the spine in its desired orientation The instrument of claim 1, wherein said actuating 

even after the trial spacers are subsequently removed. 25 mcc hanism comprises a trigger which is mechanically 

Alternatively, surface plating and/or intervertebral cage coupled to said selectively moveable member, the mechani- 

devices may be mounted to the spine to promote fusion cal coupling including a rod, a plate having a protrusion, and 

without thc need for bulky rod assemblies. (While this a lever having a slot, the rod being connected at one end to 

approach may seem more surgically desirable, questions the selectively moveable member and at another end to the 

regarding the long-term stability of these constructs have led 3D plate, the protrusion engaging the slot, the lever being 

to some surgeons to choose combinations of rodding and attached to the trigger, so that when the trigger is engaged, 

cages.) me j ever pujis me p j ate protrusion by the slot, the plate pulls 

A third approach to immobilizing the corrected spine is to the rod, and the rod moves the selectively moveable member 

insert a shaped bone graft, or suitably contoured porous toward the compression surface. 

metal spacer, into the properly distracted intervertebral 3S 5. Thc instrument of claim 4, wherein the spacer member 

space, and either plating or using rod fixation to hold the engaging subassembly further comprises teeth on thc rod 

construct stable as the spine fuses. The insertionof a femoral and corresponding teeth that engage the rod teeth when the 

lS^™W^r^ Plant ' ml °^ n m *T n * Tal * enga^d, to maintain 7securc hold on the spacer 

space is described more fully tn co-pendinc U.S. patent ^rvZu^ «™ , ^avw 

application Ser. Nos. 09/844,904, and 09/906.123. entitled „ 7^^? ^ f^T' 

U A Porous Interbody Fusion Device Having Integrated 40 insert of ciara 5, wherein the spacer member 

Polyaxial Locking Interference Screws", and "Porous Inter- f WE"* subassembly further comprises a spring for biasing 

vertebral Distraction Spacers", assigned to the same tne^correspondmg teeth agamst the rod teeth. 

assignee as the present invention, the specifications of each 7 * . c lflStniII,eDt of claim 4, wherein the spacer member 

being incorporated herein by reference. engaging subassembly includes a spring which resists acti- 

The tapered trial spacers may also serve as precursors 45 va ^°° °? ^ trig8 1 e [l, 

(measuring instruments) for another spacer (e.g., a porous . 8 * mtcrvc rtebral spacer graspmg instrument, compris- 

metal spacer), similarly shaped, which is inserted into the in S : 

intervertebral space by the same instrument. a compression surface and said moveable member, 

We claim: together, forming a spacer engaging mechanism; and 

L An instrument for insertion, implanting, and removing 50 selectively cngageable motive subassembly for selcc- 

a cybndncal intervertebral spacer member, said spacer Kf Tv w!~ y , 

member being cylindrical, Shaped, members of a first ^ly moving said movable member toward or away 

diameter, said members each having a deep circumferential . compressiDQ surface for ^aspmg and releas- 

groove, which groove forms a channel therein, the base of mg an intervertebral spacer between the compression 

the channel forming a central axial core having a second 55 surface and the movable member, 

diameter, said instrument comprising: 9. The grasping instrument of claim £, wherein the 

a shaft having a proximal end and a distal end, said selectively engageable motive subassembly comprises a 

proximal end forming a handle and the distal end remote trigger for remote actuation thereof, 

forming a spacer member engaging subassembly; f 10 '. ^ gasping instrument of claim 9, wherein the 

when the engaging ^assembly is in tbe expanded mechanical coupling comprising a rod, a plate having a 
state and which hoMs the spacer member so that it protrusion^and a levtr having, slot, the ^dbemgconne«Li 
cannot move when the selectively expanding and con- ss at one end to the movable member at another end to the 
trading enclosure is rendered into the contracted state; plate, the protrusion engaging the slot, the lever being 

attached to the trigger, so that when the trigger is engaged, 
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the lever moves the plate protrusion by the slot, the plate prises a lock that maintains the relative positions of the 

moves the rod, and the rod moves the movable member movable member and the compression surface after they 

toward the compression surface. have grasped the spacer. 

12. The grasping instrument of claim 9, wherein the 
selectively engageable motive subassembly further com- ***** 
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Section A-A 

FIG.2C 
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Section B-B 



FIG. 3b 




Section A-A 

FIG.3c 
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Section B-B 

FIG. 4b 




PACE 20/26 * RCVD AT 10/18/2005 3:18:1 1 PM [Eastern Daylight Time] ■ 8VR:USPTO-EFXRF-6/45 * DNIS:2738300 - CSID:7037399771 * DURATION (mm-ss):0B-54 



OCT-18-200G 15:22 " Stites & Harbison, PLLC 

U.S. Patent Nov. 12, 2002 Sheet 8 of 13 



7037399771 P. 46 



US 6,478,801 Bl 



400o 
7.00 



9.00 



406a 
400b 



400h 



9.00 



10.00 




4001 



12.00 



400J 



14.00 





16.00 




J700 




FIG.4d 



PAGE 21/26 * RCVD AT 10/18/2006 3:1 8:1 1 PM [Eastern Daylight Time] * 8VR:USPTO-EFXRF-6/45 * DNI8:2738300 * CSID:7037399771 * DURATION (mm-ss): 08-54 



OCT-18-2006 15:*22 ' Stites 8r Harbison, PLLC 



7037399771 P. 47 




PACE 22/28 • RCVD AT 10/18/2006 3:18:1 1 PM [Eastern Daylight Time] • SVR:USPTO-EFXRF-6/45 * DN1S:2738300 • CSID:7037399771 * DURATION (mm-ss):08-54 



OCT- 18-2006 15:23 ' Stites & Harbison, PLLC 

U.S. Patent Nov. 12, 2002 Sheet 10 of 13 



7037399771 P. 48 

US 6,478,801 Bl 




PACE 23/26 - RCVD AT 10/18/2008 3:18:1 1 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-6/45 * DNIS:2738300 ■ CSID:7037399771 * DURATION (mm-ss): 06-54 



OCT-18-2006 15:23 Stites fr Harbison, PLLC 

U.S. Patent Nov. 12, 2002 Sheet 11 of 13 



7037399771 P. 

US 6,478,801 Bl 




PACE 24/26 * RCVD AT 10/18/2006 3:18:1 1 PM [Eastern Daylight Time) * SVR:USPTO-EFXRF-8/45 * DNIS:2738300 • CSID:7037399771 " DURATION (mm-ss):06-54 



OCT-18-2006 15:23 Stites & Harbison. PLLC 

U.S. Patent Nov. 12, 2002 Sheet 12 of 13 



7037399771 P. 

US 6,478,801 Bl 



6 




PACE 2MB • RCVD AT 10/18/2008 3:18:1 1 PM [Eastern Daylight Time] * SVR:USPTO*FXRF-6/45 * DN1S:2738300 • CSID:7037399771 * DURATION (mm-ss):06-54 



OCT-18-2006 15:23 



Stites 8r Harbison, PLLC 



7037399771 P. 51 



U.S. Patent Nov. 12, 2002 Sheet 13 of 13 US 6,478,801 Bl 




PAGE 20/26 * RCVD AT 10/18/2006 3:18:11 PM [Eastern Daylight Time] * SVR:USPTO-EPXRF-6/45 * DN1S:2738300 * CSID:7037399771 * DURATION (mm-ss):08-54iL P . 5 1 



